INTRODUCTION
Macrophages (M) are a widely distributed cell type and show heterogenous antigenic and functional properties [1] [2] [3] [4] [5] [6] [7] . They play a central role in specific and unspecific immune response [7] [8] [9] [10] and also participate in the regulation of haemopoiesis [11] [12] [13] [14] . In vitro studies mostly use resident M, e.g. peritoneal, alveolar M, or monocyte-derived M, and are all well characterized [15] [16] [17] [18] [19] [20] [21] .
Most data exists on the proliferation and differentiation of bone marrow cells under the influence of macrophage-colony stimulating factor (M-CSF) and granulocyte-macrophage colony stimulating factor (GM-CSF) in mice and rats [22] [23] [24] [25] [26] [27] [28] [29] . However, little is available on humans [14] . The following study was performed to investigate the immunophenotype characteristics of M derived from human bone marrow progenitor cells with both M-CSF and GM-CSF.
MATERIALS AND METHODS
Bone marrow cells and cell culture. Human bone marrow cells (huBMC) were aspirated from the iliac crest of three female and seven male healthy donors (mean age 35.4 years) for autologous bone marrow transplantation (average volume 1853 ml) ( Table 1) . Ten millilitres were used for the experiments described below. After separating the mononuclear cells by density-gradient centrifugation over Ficoll-Paque R (Pharmacia, Uppsala, Sweden) cells were cultured at a density of 1210 6 /ml in Dulbecco's Modified Eagle's Medium (DMEM; Flow Laboratories, Irvine, UK) containing 10% fetal calf serum (FCS; Seromed, Munich, Germany), 2 mM glutamine, 100 U/ml penicillin, 100 g/ml streptomycin (all from Flow Laboratories). To induce macrophage differentiation 500 U/ml recombinant human (rh) granulocytemacrophage colony-stimulating factor (GM-CSF; Boehringer Mannheim GmbH, Mannheim, Germany) or 500 U/ml highly purified rh macrophage colony-stimulating factor (M-CSF; kindly provided by Cetus, Emeryville, CA, USA) [30, 31] were added to the cell cultures. Medium and growth factors were completely renewed every 3-4 days. In our experiments we only used BMC from healthy donors to exclude proliferation of malignant 'abnormal' cell types.
Cell staining, immunofluorescence and flow cytometry. After 3 weeks of culture in endotoxin free medium with GM-CSF or M-CSF nonadherent cells were removed and adherent cells harvested by scraping. Following two washing steps in culture medium 50,000 cells were centrifuged onto slides and stained with Hemacolor R (Merck, Germany)
solutions to identify morphology. Two further slides were stained for non-specific esterase (NSE) with a staining kit using -naphthyl-acetate as substrate to form coloured dyes with diazonium salts when hydrolyzed by NSE (purchased from Sigma, St. Louis, MO, USA).
For immunofluorescence examination macrophages were incubated with human AB-serum at 218C for 30 min to block Fc-receptors and 
RESULTS
Large mononuclear cells with large cytoplasma containing many vacuoles were found. Differential analysis revealed 80-90% of this cell type with 10-20% of the cells showing lymphoid morphology (Fig. 1) . A cytochemical staining for esterase was also performed. Most of the cells were weakly positive for NSE. However, few showed strong reaction (not shown).
Immunofluorescence staining performed with conjugated monoclonal antibodies showed no difference in surface immunophenotype between M derived from bone marrow cells with GM-CSF or M-CSF.
In flow cytometric analysis the remaining lymphoid cells were excluded by light scatter characteristics (Fig. 1) . To show that the light-scatter gated population of M contains no lymphocytes, some samples were stained with anti-CD3 and CD19 MoAbs, and found to be negative for these markers (not shown). Almost all cells showed expression of CD14 and CD45 (Fig. 2) , similar to peripheral blood monocytes, but no significant differences has been found between M-CSF and GM-CSF driven M. HLA-DR and CD4 were also detected on the cell surface, although CD4 only weakly (Fig. 3) , but no CD8 (not shown). Another myeloid Fig. 2 . Plots show the expression of CD14 and CD45 and the subtypes of CD45RA and CD45RO on huBMDM stimulated by M-CSF or GM-CSF. Results presented are within one individual (patient 2). Although it seems that M-CSF driven M express CD45RO in higher density, no significant difference was found between both groups overall. marker, CD33, was positive on almost 100% of cells (Fig. 3) . Staining with anti-CD34 showed no remaining stem cells (not shown).
We also investigated the expression of different Fc-and complement receptors. BMDM carried no low affinity receptor for IgG (Fc--RIII, CD16; not shown), but seem to be able to bind IgG via the Fc--RII (CD32) or Fc--RI (CD64) (Fig. 4) . No Ig-E receptor (CD23) expression was found on the BMDM surface (not shown), but the cells were revealed to express a receptor for complement C3bi (CD11b) and CD11c (Fig. 4) .
Adhesion molecules like LFA-1 (CD11a), its ligand CD54 (ICAM-1), CD29 and CD44 are all expressed on MBDM surface (Fig. 5) . Activation marker profile revealed reactivity with antibodies against CD71 (transferrin-receptor) and CD25 (IL-2 receptor) (Fig. 5) , a low expression of CD45RO, but absence of CD45RA (Fig. 2) . Bone marrow-derived M were able to phagocytose opsonized E. coli but failed to produce free oxygen radicals after stimulation with muramyl-tripeptide (fmlp) or opsonized bacteria.
DISCUSSION
In this study we wanted to characterize phagocytes, which differentiate from human bone marrow precursor cells cultured with GM-CSF or M-CSF. Using the same conditions as in previous studies with rodent cells [23] , we were able to obtain a 80-90% homogenous population of BMDM after 3 weeks in culture. Cells were weakly positive for NSE and showed macrophage morphology in light microscopy. Since non-adherent cells have been removed previous to immunofluorescence staining and light microscopy examination, we did not find any granulocytes, but also no dendritic cells. In flow cytometric analysis gated macrophages revealed expression of CD14, CD33, CD45 and HLA-DR as in monocytes. Interestingly, no differences in MHC class II expression were found between M-CSF or GM-CSF driven cells, although contrary effects are described for these growth factors on rodent cells [25] [26] [27] [28] [29] . CD4, CD25 and CD45RO were weakly expressed on the cell surface. Furthermore, transferrin receptor (CD71) was detected on BMDM. We could not observe the binding of anti-CD8 antibody although, in the rat, reactivity of M-CSF driven BMDM with MoAb OX-8 is reported [22] . On the other hand, many molecules with an adhesive function such as CD11a, CD29, CD44 and CD54 appear on the cytoplasmic membrane. Bone marrow-derived macrophages express the Fc receptors CD32 (FcRII) and CD64 (FcRI), but no CD16 (FcRIII) and CD23 (FcR), although it is reported that GM-CSF induces FcRII expression on human peripheral blood monocytes [32] . Complement receptor for C3bi (CD11b) is also expressed.
Compared to other macrophages, BMDM are distinct from resident stromal bone marrow macrophages, which express both CD4 and CD16, but not the transferrin receptor (CD71) and only CD11b weakly. On the other hand bone marrow cultured macrophages show, apart from CD16 expression, no difference in the surface expression compared to monocyte derived macrophages. In long-term culture of human bone marrow cells with M-CSF or GM-CSF a population of macrophage very similar to those derived from blood monocytes develops.
